Previous studies have demonstrated that Hodgkin's, Burkitt's, and other human lymphomas contain particulate elements encapsulating 70S RNA and RNA-dependent DNA polymerase. [3HJDNA probes endogenbusly synthesized by these particles were used to demonstrate that the nuclear DNA of the lymphomas contain particle-related sequences that cannot be detected (less than 1/20th of a copy per genome) in the DNA of normal cells. This result agrees with our earlier findings in human leukemias. The data are inconsistent with any etiologic concept that invokes germ-line transmission of at least one complete copy of the particulate informAtion associated with the malignancy. The unique sequences found in the nuclear DNA of Burkitt's and Hodgkin's tissues are related to each other but not to the DNA of the Epstein-Barr virus.
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We have been searching for evidence in human neoplasias of possible viral agents. First we used appropriate murine RNA tumor viruses (i.e., mouse mammary tumor virus and Rauscher leukemia virus) to generate highly radioactive DNAs complementary to the viral RNAs. Molecular hybridizations with these radioactive DNAs revealed that human adenocarcinomas of breast (1, 2) , leukemias (3), sarcomas (4) , and lymphomas (5) (6) (7) contain RNA molecules possessing a small but significant homology to the RNAs of the tumor viruses that cause the corresponding malignancies in mice. Using the simultaneous detection test (8, 9) we demonstrated that the RNA identified in these human cancers was 70 S in size and encapsulated with an RNA-directed DNA polymerase in a particle of density between 1.16 and 1.19 g/ml (10) (11) (12) (13) . The DNAs synthesized endogenously by these particles possessed complementarity to the RNAs of the analogous murine tumor viruses.
Collectively, these experiments documented the existence in various human neoplastic tissues of particulate elements possessing four features diagnostic of animal RNA tumor viruses. Here we focus on the question of whether normal cells contain in their genome at least one complete copy of the information necessary and sufficient for particle production. We have previously considered this problem in human leukemias in which the methodology had already been developed (10) to separate the particles. These were then used to generate the [3H]DNA-labeled DNA probes required to search for the corresponding sequences in nuclear DNA. The data obtained (14) with eight leukemic patients demonstrated that the DNA of leukemic cells contained particle-related sequences that could not be detected in the leukocyte DNA of normal individuals. This conclusion was further strengthened and made biologically more precise by showing (15) that the leukemic members of two sets of identical twins contained particle-related sequences in their leukemic cell DNAs that could not be detected in the leukocytes of their healthy siblings. These findings imply that the additional specific information found in the DNA of the leukemic individuals must have been inserted subsequent to fertilization. Thus, the outcomes argue against any etiologic concept that invokes vertical transmission through the germ line of the particle-related information found uniquely in the DNA of leukemic cells.
We wanted to see whether these findings hold also for some other human neoplasias in which similar particles have been identified (12, 13) . In this paper we describe experiments with Hodgkin's and Burkitt's lymphomas. The data show that the nuclear DNA of both types of lymphomas contain unique sequences that are not detectable in normal cellular DNA. Preparation of Nuclear DNA. The nuclear pellet (1000 X g for 10 min) was resuspended in TNE and lysed by addition of sodium dodecyl sulfate to a concentration of 1% in the presence of 1 M NaClO4. After repeated extraction with phenolcresol and chloroform-isoamyl alcohol, DNA was spooled out of solution. The DNA was redissolved in 3 mM EDTA and sheared to 6-8 S as measured in a 10-30% glycerol gradient.
METHODS
Shearing was accomplished with a Bronwill Biosonic IV sonifier using the microtip at maximum power for two 30- Burkitt's lymphoma. In each case the recycled ['H]DNA is rechallenged against normal DNA and against the nuclear DNA of the neoplastic tissue from which the particles were derived. In neither case do the recycled probes enter into complexes with normal DNA that are stable above 800 (Fig. 1) . However, each probe forms well-paired duplexes with the DNA from the tumor of origin. (27) . Hodgkin's particles would hybridize with the RNA from both neoplastic tissues (Fig. 4) (Fig. 4A) and not to the RNA from a normal spleen (Fig. 4B) (Fig. 4C) but not (Fig. 4D) to the RNA of the unrelated mouse mammary tumor virus.
DISCUSSION
Whether our inability to detect the lymphoma-specific sequences in normal DNA means that the latter contains less than one copy per genome equivalent depends on the sensitivity of the detection and the multiplicity of the specific sequences in the malignant DNA. The specific activity of the composition of the product, results in a specific activity of 3 X 107 cpm//ig or 10,000 cpm/pmol. Since actinomycin D was included in all syntheses, the single-stranded DNA transcripts would be expected to represent a substantial portion of the particle RNA sequence (28) . If the normal DNA contained one copy of the probe per genome equivalent, the 300 ,g of DNA used in our hybridizations would contain about 3 X 10-8 ,hg of the relevant sequences, and the specificity of our probe would permit us to detect at saturation 1/1000 of a single copy per genome. The question of multiplicity of the lymphoma-specific sequences in the tumor DNA must be considered in comparing the results obtained with normal DNA. Thus, if the lymphoma-specific sequences were represented 100 times per malignant genome, and if the annealings were done at saturation so that all the multiple copies were being counted, then one would have to demonstrate that normal DNA contains less than 1/100 that found in malignant DNA. One is led to conclude that a normal genome contains less than 1/20th of an equivalent of the DNA sequences found in lymphoma DNA and homologous to the DNA synthesized by the particles found in these neoplastic diseases. Any value clearly less than unity for normal DNA argues against any concept (29) that postulates germ-line transmission of a complete set of the information contained in the particulate elements found in the tumor tissue.
Several other features emerged from this study. The particle-related sequences found in Burkitt's and Hodgkin's lymphomas possess sequences in common, suggesting a relation between their respective particles, and in accord with our earlier findings (5, 6, 12, 13 ) that Hodgkin's and Burkitt's particles both share sequences with the murine Rauscher leukemia agent. Further, in view of the previous association of the Epstein-Barr virus with Burkitt's disease (30) (31) (32) (33) (34) (35) and the non-neoplastic infectious mononucleosis (36, 37) , it is of interest that the leukocyte DNA of patients with infectious mononucleosis were devoid of Burkitt's particle-related sequences, indicating that these latter sequences are specific for neoplastic tissues. The fact that the particle-related sequences in Hodgkin's and Burkitt's tumors are homologous adds further weight to this conclusion. Finally, the fact that cells (e.g., NC-37, infectious mononucleosis leukocytes) carrying multiple copies of the DNA of Epstein 
